The composition of the volatile fraction of two important forage legumes from Italian sub-alpine N.E. pastureland, namely Trifolium pratense L. subsp. pratense (red clover) and T. repens subsp. repens (white clover) were investigated. The volatile oil was obtained from the fresh aerial parts by steam distillation and analyzed by GC/FID and GC/MS. The oil yield was 0.018 and 0.021% (weight/fresh weight basis) for T. pratense and T. repens, respectively. Several classes of compounds were found in both the oils, including alcohols, aldehydes, ketones, terpenes, esters, hydrocarbons, phenolics and acids. Qualitative and quantitative differences were found.
The aim of this work was to investigate the volatile fraction from the aerial parts of T. pratense and T. repens growing wild in N.E Italian alpine meadows with a view of finding biochemical markers suitable for identification and valorization of the derived grass-fed dairy products. Differences in qualitative and quantitative composition of these volatile oils are reported and discussed.
Steam distillation of the fresh plant material gave pale yellow oils with yields of 0.018 and 0.021% (weight/fresh weight basis) for T. pratense and T. repens, respectively. The GC/FID and GC/MS analyses of these extracts revealed the presence of a number of compounds (Table 1) , most of which have been previously reported for both species [2a-2d] . The compounds are reported as percentages of the total oil and as μg/g fresh weight, determined by an internal standard method, using 3-methylcyclohexanone. Compounds are grouped into chemical classes and listed according to their retention indices (K i ); an indication of the fraction in which they were detected after chromatographic separation is also reported (see experimental). These data show differences in qualitative and quantitative composition of the volatiles from the two clover species under investigation.
The main bulk of the constituents of the two essential oils was composed of alcohols, amounting to 36.1% (48.7 μg/g fresh weight) and 37.3% (59.7 μg/g fresh NPC Natural Product Communications weight) of the total oil from T. pratense and T. repens, respectively. Although total alcohols were in quite similar amount in both oils, some differences were found with individual compounds. Aromatic alcohols, such as benzyl alcohol (11.6%, 15.7 μg/g and 1.9%, 3.0 μg/g in T. pratense and T. repens, respectively), 2-phenylethanol (12.2%, 16.5 μg/g and 6.6%, 10.6 μg/g) and 1-phenylethanol (1.3%, 1.7 μg/g and 0.1%, 0.1 μg/g) were detected in higher amount in T. pratense than in T. repens volatile oil; aliphatic alcohols, such as oct-1-en-3-ol (2.2%, 3.0 μg/g and 12.6%, 20.2 μg/g) and cis-3-hexenol (0.3%, 0.4 μg/g and 6.6%, 10.6 μg/g) were instead more abundant in T. repens than in T. pratense oil.
Other aliphatic saturated and unsaturated alcohols were quoted in quite similar amount in both volatile fractions (Table 1) , except 2-methyl butanol quantified as 3.8% (5.1 μg/g fresh weight) of the total oil from T. pratense, and present only in trace amount in T. repens.
Ketones represent 22.8% (30.9 μg/g fresh weight) of the volatile oil from red clover, but only 5.9% (9.3 μg/g fresh weight) of the volatile oil from white clover. This difference is due to the different content of 4-hydroxy-4-methyl-2-pentanone and 6,10,14-trimethyl-pentadecan-2-one, present in higher concentration in T. pratense than in T. repens oil (Table 1) .
Aldehydes were mostly represented by aromatic compounds, such as benzaldehyde (1.0%, 1.4 μg/g and 5.7%, 9.1 μg/g in T. pratense and T. repens, respectively) and phenylacetaldehyde (5.1%, 6.9 μg/g and 2.5%, 3.9 μg/g in T. pratense and T. repens, respectively). Short and long chain aliphatic aldehydes were also detected. The short chain aliphatic compounds, in particular the C 6 saturated and unsaturated aldehydes, alcohols and acetates are known to be responsible for the typical 'green leaf odor' and originate by oxidative degradation of unsaturated fatty acids by endogenous enzymes [3] .
Long chain aliphatic acids were another class of compound detected in considerable amount and quoted in quite similar concentration in both the volatile oils. Among these, hexadecanoic acid is the most abundant (6.2%, 8.4 μg/g and 5.0%, 8.0 μg/g in T. pratense and T. repens, respectively).
Mono and sesquiterpenes were also found as important contributors of the volatile oils from the two clover species under investigation. Monoterpenes were more abundant in T. pratense (6.0%, 8.1 μg/g) with thymol and carvacrol as the main components. In T. repens this class of compounds only represented 1.3% (2.1 μg/g) of the total oil, with linalool as the most abundant. However, sesquiterpenes were less abundant, both numerically and quantitatively, in T. pratense than in T. repens (1.9%, 2.6 μg/g and, 18.0%, 29.0 μg/g respectively). In the latter species, germacrene D formed 13.5% (21.7 μg/g) of the oil and was the most abundant single compound of the total oil. By contrast, this compound was only a trace component of the oil of T. pratense.
Hydrocarbons were detected in quite similar amount in both oils; esters and phenolic compounds were higher in T. pratense than in T. repens oil (Table 1) .
From the data here reported it is possible to conclude that the two Alpine Trifolium spp. under investigation show differences in their volatile composition. Differences can also be seen comparing literature data on the volatiles of the two species from different countries [2a-2d] . Although most of the detected compounds were previously reported to contribute to the volatile fractions from both T. pratense and T. repens leaves and flowers (e.g. alcohols, aldehydes, ketones, monoterpenes, esters, acids, hydrocarbons) [2a-2d] , some differences can be observed in the sesquiterpenes. The different plant organs of clover samples from Japan [2a,2b] , California [2c] and Austria [2d] showed the presence of very low amounts of sesquiterpenes, with caryophyllene as the most common compound. Sesquiterpenes were also quoted in lower amount in other clover species [2d] . The presence of germacrene D, found in high amount in T. repens, could be a characteristic feature of this clover species growing in Alpine pastures.
Experimental
Plant material: T. pratense L. subsp. pratense and T. repens subsp. repens were identified according to Pignatti [4] . Aerial parts were collected during the flowering stage on Altopiano di Asiago (Vicenza, Italy, 1300 m a.s.l.) in July 2007. Samples (100 g fresh materials) were put in a corked glass bottle with 100 mL of CH 2 Cl 2 and stored at 4°C until analysis. Voucher specimens were deposited in the alpine Herbarium Pedemontanum (TO-HP), University of Turin, Dept. Plant Biology.
Isolation and fractionation of the oils:
The plant material, to which 0.34 mg of 3-methyl
